Metal-organic frameworks (MOFs) are crystalline synthetic porous materials formed by binding organic linkers to metal nodes: they can be either rigid 1,2 or flexible 3 . Zeolites and rigid MOFs have widespread applications in sorption, separation and catalysis that arise from their ability to control the arrangement and chemistry of guest molecules in their pores via the shape and functionality of their internal surface, defined by their chemistry and structure 4, 5 . Their structures correspond to an energy landscape with a single, albeit highly functional, energy minimum. By contrast, proteins function by navigating between multiple metastable structures using bond rotations of the polypeptide 6, 7 , where each structure lies in one of the minima of a conformational energy landscape and can be selected according to the chemistry of the molecules that interact with the protein. These structural changes are realized through the mechanisms of conformational selection (where a higher-energy minimum characteristic of the protein is stabilized by smallmolecule binding) and induced fit (where a small molecule imposes a structure on the protein that is not a minimum in the absence of that molecule) 8 . Here we show that rotation about covalent bonds in a peptide linker can change a flexible MOF to afford nine distinct crystal structures, revealing a conformational energy landscape that is characterized by multiple structural minima. The uptake of smallmolecule guests by the MOF can be chemically triggered by inducing peptide conformational change. This change transforms the material from a minimum on the landscape that is inactive for guest sorption to an active one. Chemical control of the conformation of a flexible organic linker offers a route to modifying the pore geometry and internal surface chemistry and thus the function of open-framework materials.
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Their structures correspond to an energy landscape with a single, albeit highly functional, energy minimum. By contrast, proteins function by navigating between multiple metastable structures using bond rotations of the polypeptide 6, 7 , where each structure lies in one of the minima of a conformational energy landscape and can be selected according to the chemistry of the molecules that interact with the protein. These structural changes are realized through the mechanisms of conformational selection (where a higher-energy minimum characteristic of the protein is stabilized by smallmolecule binding) and induced fit (where a small molecule imposes a structure on the protein that is not a minimum in the absence of that molecule) 8 . Here we show that rotation about covalent bonds in a peptide linker can change a flexible MOF to afford nine distinct crystal structures, revealing a conformational energy landscape that is characterized by multiple structural minima. The uptake of smallmolecule guests by the MOF can be chemically triggered by inducing peptide conformational change. This change transforms the material from a minimum on the landscape that is inactive for guest sorption to an active one. Chemical control of the conformation of a flexible organic linker offers a route to modifying the pore geometry and internal surface chemistry and thus the function of open-framework materials.
Flexible MOF structures 9, 10 can be rearranged in the presence of guests through mechanical mechanisms such as the repositioning of a rigid linker about an inorganic unit [11] [12] [13] or the relative displacement of two rigid networks 14 , opening a range of routes to controlling function 15 that are not accessible to rigid frameworks with their single structural minimum (Fig. 1 ). Similar phenomena have been observed in the host-guest chemistry of interlocked cage molecules [16] [17] [18] . Alternatively, rotations about bonds involving sp 3 carbons [19] [20] [21] [22] [23] [24] [25] allow MOFs to access different structures. For example, low-energy conformational changes of dipeptide glycine-X (Gly-X) linkers produce open and closed forms of Zn(Gly-X) 2 frameworks 26, 27 . The greater chemical diversity and more complex conformational space of higher-order oligopeptides offer the possibility of MOFs with multiple open structures (Fig. 1 ). This could allow interactions with molecules in the pores to select a specific structure for a defined function from the resulting energy landscape. That structure would be accessed through the single-bond rotation pathway used by proteins (Fig. 1) .
The tripeptide glycine-glycine-l-histidine (GGH) affords a threedimensional chiral MOF-ZnGGH-1⋅(DMF-H 2 O), where DMF is the solvent dimethylformamide-through deprotonation of both the carboxy-terminal acid and the imidazole function of the histidine (His) side chain that produces a tetratopic linker, which coordinates to Zn 2+ ( Fig. 1b and Extended Data Fig. 1 
Fig. 1 | The structural flexibility of ZnGGH in the context of a conformational energy landscape. a, ZSM-5 is a rigid porous framework, and its energy landscape (a representation of the energy, E, as a function of the positional degrees of freedom, here Q 1 and Q 2 , of the structure) displays one minimum corresponding to a single conformation. The protein Hb A, human haemoglobin, is a flexible macromolecule, which adopts a range of conformations to perform its biological function. Its conformational energy landscape therefore displays multiple minima. The new ZnGGH compound reported here is a flexible porous framework. ZnGGH-1 is the structure of the as-made framework and ZnGGH-9 is the structure of the collapsed framework. The flexibility that connects structures 1 and 9 arises from the conformational degrees of freedom, shown as Q 1 and Q 2 , of the peptide linker, as in the case of proteins. ZnGGH can readjust its pore shape and the position of functional groups in the presence of different solvents by changing the peptide conformation, producing eight distinct solvated and one collapsed crystal structure. This gives ZnGGH a conformational energy landscape with multiple minima. In contrast to the macromolecular state of proteins, ZnGGH is a crystalline solid framework, which restricts the available conformational space of the linker. All energy landscapes drawn in this figure are hypothetical illustrations that reflect the structural properties of the corresponding materials. b, The doubly deprotonated tripeptide Gly-Gly-l-His acts as a tetratopic linker to form the ZnGGH framework, connecting four Zn 2+ centres. Each Zn 2+ is tetrahedrally coordinated by four Gly-Gly-l-His linkers. The highlighted torsions ϕ 1 , ψ and ϕ 2 vary extensively between the structures and are referred to in the text.
Letter reSeArCH flexibility on the framework (Extended Data Fig. 1b) . ZnGGH-1⋅(DMF-H 2 O) is isoreticular to ZnCar⋅DMF 28 , which is based on the dipeptide carnosine (β-alanine-l-histidine), with a wider pore window of 4.9 Å and similar chemical stability in a variety of solvents including water, attributed to the Zn-imidazolate bonds. The combination of chemical functionalization of the internal surface and the flexible Gly-Gly component of the tripeptide allows the structure of the ZnGGH framework to respond sensitively to the presence, shape and chemistry of the species in the pores, which in turn controls chemical function. For example, dioxane and cyclopentanol guests are not adsorbed by DMSO-solvated ZnGGH; however, the exchange of DMSO solvent from the pores with DMF triggers the adsorption of these guests ( Fig. 2 and Extended Data Fig. 2 ).
To understand this triggered adsorption, we explored how the structure of the ZnGGH framework can be controlled through noncovalent interactions with the polar solvents DMF, H 2 O, methanol and dimethylsulfoxide (DMSO; Extended Data Fig. 2 and Supplementary Note 2), and how the pore content affects sorption of larger guests such as dioxane, cyclopentanol, furfural and furfuryl alcohol. A series of adsorption experiments showed that these guests can be adsorbed by ZnGGH in the presence of any solvent in the pores except DMSO . Single-crystal X-ray diffraction shows that the structure is unchanged and that DMSO still occupies the pores (Supplementary Note 4). Atomic positions shown are from the refined single-crystal structure of ZnGGH-2⋅(DMSO). Right, adding DMF (in a molar ratio of DMF/dioxane of 1/1) produces a transformation in crystal structure and triggers the adsorption of dioxane. Thus both DMF and dioxane occupy the pores; the arrow indicates that dioxane transfers from the liquid to the solid phase. Atomic positions shown are from the refined single-crystal structure of ZnGGH-1⋅(DMF-H 2 O), in which the positions of one DMF and one dioxane molecule were optimized using DFT. The structural transformation from ZnGGH-2 to ZnGGH-1 is completed in three days. The compositional and structural evidence for this is shown below. b, Left, 1 H nuclear magnetic resonance (NMR) spectroscopy of ZnGGH-2⋅(DMSO) following treatment with pure dioxane for four days and subsequent digestion. The composition of this material, according to 1 H-NMR, is dioxane/DMSO/GGH = 0.017/0.62/1. Right, equivalent 1 H-NMR data following the addition of DMF to the mixture of dioxane and ZnGGH-2⋅(DMSO), allowing adsorption of dioxane. The composition of the final product is dioxane/DMF/DMSO/GGH = 0.47/0.26/0.11/1. c, PXRD patterns (black, measured on the slurry after the experiment) of inactive ZnGGH-2⋅(DMSO) after treatment with dioxane for four days (left), and ZnGGH-1, obtained three days after adding DMF, which triggers dioxane adsorption (right). Both patterns are compared with the simulated patterns (red) from the crystal structures ZnGGH-2⋅(DMSO) and ZnGGH-1⋅(DMF-H 2 O). shows the different pore shapes and the orientation of functional groups. In ZnGGH-3, DMF is hydrogen-bonded (dotted line) at the corner of the pore to the terminal NH 2 ; in ZnGGH-2, DMSO is hydrogen-bonded to the glycine-glycine amide group in the middle of the pore wall. c, The side view reveals the intraframework hydrogen-bond pattern for each structure. ZnGGH-3 exhibits antiparallel β-sheet hydrogen bonding between the glycine-glycine amide groups along the pore walls. ZnGGH-2 features hydrogen bonds between the terminal NH 2 and the glycine-histidine amide of neighbouring linkers. Both structures exhibit hydrogen bonds between the histidine carboxylate and the glycine-histidine amide. The Connolly surface (shown in yellow) reveals differences in pore dimensions. ZnGGH-3 displays a pore window of 5.4 Å whereas ZnGGH-2 has a pore window of 4.5 Å.
Letter reSeArCH (Supplementary Table 5 ). Powder X-ray diffraction (PXRD) data show that treating ZnGGH-1⋅(DMF-H 2 O) with DMSO produces a new structure, ZnGGH-2⋅(DMSO), which does not adsorb guests even if they are the only component in the liquid phase; for example, neat dioxane does not access the pores of ZnGGH-2⋅(DMSO), although it does access the pores of ZnGGH-1⋅(DMF-H 2 O). However, the pores of ZnGGH-2⋅(DMSO) are accessible to solvents such as DMF and H 2 O, which exchange DMSO and transform the structure to the new structures ZnGGH-3⋅(DMF) and ZnGGH-4⋅(H 2 O) respectively. Guests are adsorbed in substantial quantity by these distinct new structures (Supplementary Table 5 ). Specifically, the addition of an equimolar liquid mixture of dioxane and DMF to ZnGGH-3⋅(DMF) affords ZnGGH-1, where the pore species are dioxane/ DMF/GGH = 0.5/0.33/1). These adsorption results reveal that there are solvated ZnGGH structures that are either active for adsorption of dioxane and cyclopentanol, such as ZnGGH-1⋅(DMF-H 2 O), ZnGGH-3⋅(DMF) and ZnGGH-4⋅(H 2 O), or inactive, such as ZnGGH-2⋅(DMSO). Addition of 0.1 moles of DMF to a suspension of ZnGGH-2⋅(DMSO) in 0.1 moles of dioxane changes the structure and triggers the adsorption of dioxane. After this process, the pores primarily contain dioxane (dioxane/DMF/DMSO/GGH = 0.47/0.26/0.11/1) and the structure corresponds to ZnGGH-1 ( Fig. 2 and Extended Data Fig. 2b) . No intermediate phases are observed by PXRD during the structure transformation ( Supplementary Figs. 29-35 ).
The differences in the guest-adsorption behaviour of these solvated structures can be ascribed to the changes in pore size and shape and noncovalent bonding patterns revealed by their structures. We obtained crystals of eight solvated ZnGGH structures by soaking the as-made material, ZnGGH-1⋅(DMF-H 2 O), in different solvents and guests (Extended Data Fig. 2a) . We analysed all structures by single-crystal X-ray diffraction (SCXRD), and confirmed their phase purity by PXRD. In each structure, the peptide linker adopts a distinct conformation by readjusting its torsions ( Supplementary Fig. 16 ) to respond to the pore species within the ZnGGH framework. The bond showing the most diverse rotational states is the N-C α bond of the central glycine, whose torsion (ϕ 1 ) C-N-C α -C changes by 156° between the nine different observed structures, relocating the amino-terminal glycine (Fig. 3a) . In ZnGGH-2⋅(DMSO) the linker is twisted (ϕ 1 = 268°), directing the GlyGly amide group inside the pore to form a hydrogen bond with DMSO, and positioning the terminal NH 2 to hydrogen bond with the Gly-His amide of the adjacent linker (Fig. 3b, c and Extended Data Fig. 3 ). This structure exhibits the smallest solvent-accessible volume and pore window (4.5 Å) of all of the ZnGGH structures (Extended Data Table 1 ). Exchange of DMSO with DMF changes the torsion about the N-C α bond of the central glycine by 135° (ϕ 1 = 133°). This peptide conformation aligns the Gly-Gly amide groups along the pore walls to form an antiparallel β-sheet-like hydrogen-bond network between adjacent linkers, and positions the terminal NH 2 group to hydrogen bond to DMF (Fig. 3b, c) . The resulting ZnGGH-3⋅(DMF) has the largest pore window (5.4 Å). In ZnGGH-1⋅(DMF-H 2 O) the linker adopts an intermediate conformation (ϕ 1 = 180°) that enables the terminal NH 2 to hydrogen bond both to the Gly-His amide of the adjacent linker and . For DMSO, the T-ZnGGH minimum has the lower energy, in agreement with the experimentally observed structure. Dioxane prefers the S-ZnGGH minimum; however experiment shows that it cannot alone drive the transformation from T-ZnGGH to S-ZnGGH. The addition of DMF is required to select this minimum and allow dioxane uptake.
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to DMF, which adopts an orthogonal orientation to that in ZnGGH-3⋅(DMF) (Extended Data Fig. 4) . Collapsed ZnGGH-9 is obtained by removing the solvent from any of the above compounds. The peptide linker folds predominantly around the ϕ 2 torsion of histidine and the ψ torsion of the central glycine to remove the extra-framework space, resulting in two very similar conformations (Extended Data Fig. 5 ). All of the above materials demonstrate that the ZnGGH framework readily transforms its structure through changes in peptide conformation driven by the chemistry in its pores.
Dihedral angle principal-component analysis, dPCA, is used to reduce the dimensions of the conformational energy landscape of proteins and thus to enable understanding of the structural changes driven by interactions with small molecules 29 . We applied dPCA to all of the experimentally observed linker conformations in ZnGGH, revealing three clusters: straight, twisted and folded ( Fig. 4a and Extended Data  Fig. 6a ). The straight cluster includes those conformations that give the six most porous structures, including ZnGGH-1 and ZnGGH-3. There are noticeable differences between these conformations (Extended Data  Fig. 6b ), which we analysed further by a separate dPCA that identified four subgroups within the straight cluster (Fig. 4b) . These subgroups separate materials that, despite apparently similar pore content, differ in hydrogen bonding, such as ZnGGH-1⋅(DMF-H 2 O), ZnGGH-3⋅(DMF) and ZnGGH-5⋅(H 2 O-DMF) (Extended Data Fig. 7) , and the pair of structures containing the furanic guests ZnGGH-6⋅(furfural) and ZnGGH-7⋅(furfuryl alcohol) (Extended Data Fig. 8 ). The second cluster contains linker conformations that have been twisted around the ϕ 1 torsion of the central glycine, as found in the less porous DMSOsolvated structure ZnGGH-2. The third cluster contains the folded conformations observed only in the collapsed structure ZnGGH-9. ZnGGH-4, observed in water, methanol and formamide, displays alternating straight and twisted linkers and is the only structure with peptide conformations belonging to two clusters ( Fig. 4a and Extended Data Fig. 9 ).
For each of the nine experimentally observed systems, we optimized the host structure in the absence of molecules in the pores using density functional theory (DFT). All of them, except ZnGGH-4, converged to one of three calculated empty structures. Each of these three structures corresponds directly to one of the three linker-conformation clusters identified in the dPCA. The six different experimental structures (Fig. 4b) in the straight linker conformation cluster all converge to the same empty structure when optimized. The three calculated structures-S-ZnGGH for the straight conformation cluster, T-ZnGGH for the twisted and F-ZnGGH for the folded, shown as solid circles coloured according to their energy in Fig. 4a -are three local minima on the conformational energy landscape of the empty host that underlie the clustering of the solvated host structures observed experimentally. These local minima are characteristic of the ZnGGH framework itself and they are separated by energy barriers associated with the large conformational changes within the host that characterize the three different clusters. Transition paths computed between the three calculated structures show that folding and twisting of the straight linker conformation requires crossing barriers of 12.4 kJ mol −1 and 19.5 kJ mol −1 respectively (Fig. 4a) , typical for fast-folding proteins 30 . The barriers correspond to experimentally observed two-phase coexistence, for instance of ZnGGH-2 and ZnGGH-3 structures in the presence of DMSO/DMF mixtures ( Supplementary Fig. 15 ). It is possible to experimentally access energy minima of ZnGGH that are not observed on the conformational energy landscape of the empty framework through their stabilization by guests. The empty ZnGGH-4, which uniquely displays two linker conformations belonging to distinct clusters, was found to be unstable upon energy minimization, but stable in the presence of a water molecule or a methanol molecule that forms two hydrogen bonds with the framework, as observed experimentally. This suggests that, unlike all the other structures, ZnGGH-4 is not characteristic of the ZnGGH framework itself, but is stabilized by specific interactions with the guests through an induced-fit mechanism analogous to that used by proteins.
The adoption of a structure in one of the three local minima on the conformational energy landscape of empty ZnGGH is driven by reordering of their energy ranking by the molecule occupying the pores and can be considered as conformational selection of that minimum. Adding DMF in the presence of dioxane or cyclopentanol to ZnGGH-2⋅(DMSO) removes DMSO and selects the straight linker conformation (Fig. 4c) . This transforms ZnGGH from the twisted linker minimum T-ZnGGH, which is inactive for dioxane or cyclopentanol uptake, to the active straight linker minimum S-ZnGGH, and enables the uptake of the dioxane and cyclopentanol guests. These chemically triggered conformational changes of peptides modify the structure and thus control the functional behaviour of the porous ZnGGH framework.
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MEthodS
Materials and reagents. Zn(OAc) 2 ⋅2H 2 O (99%), furfural, furfuryl alcohol, 1,4-dioxane, cyclopentanol, l-menthyl acetate and formamide were purchased from Sigma Aldrich; H-Gly-Gly-l-His-OH (98%) from BACHEM; and methanol, tetrahydrofuran (THF), DMSO and DMF from Fisher Chemical. All reagents and solvents were used without further purification.
Synthesis of ZnGGH-1⋅(DMF-H 2 O).
We loaded 1.5 ml of Zn(OAc) 2 ⋅2H 2 O aqueous solution (0.336 M), 0.9 ml of H-Gly-Gly-l-His-OH, GGH, aqueous solution (0.442 M), 1 ml of water and 10 ml of DMF into a 40-ml scintillation vial. The vial was heated at 90 °C for 48 h with a ramping rate of 1 °C per minute, and cooled to room temperature at 0.5 °C per minute. Colourless crystals of ZnGGH-1⋅(DMF-H 2 O) were produced at a yield of 75%. The term (DMF-H 2 O) in the name of the material denotes the solvent used in the synthesis and contained in the pores. -1⋅(DMF-H 2 O) . The remaining liquid after synthesis of ZnGGH-1⋅(DMF-H 2 O) was decanted and the vial refilled with 15 ml of pure DMSO, DMF, H 2 O, methanol, formamide, furfural, furfuryl alcohol, THF or mixtures of them. The suspension was left under stirring for 24 h at room temperature. A part of the obtained slurry (about 100 μl) was transferred into a 1.0-mm capillary for PXRD analysis, and the rest of the sample was filtered, washed with 8 ml THF and dried on a Buchner funnel by vacuum suction for 30 s. To obtain single crystals of the exchanged products, the as-made ZnGGH-1⋅ (DMF-H 2 O) crystals were soaked in the relevant solvent or guest systems at room temperature and shaken gently (150 r.p.m., on a Heidolph Vibramax 100 shaker) for two to four days. In the names of the materials, the molecule(s) in brackets denotes the liquid in which each exchange reaction was performed and which is contained in the pores of the product. Synthesis of ZnGGH-9. The collapsed structure ZnGGH-9 is produced by degassing ZnGGH-1 at 120 °C and 10 −3 mbar for 12 h. The same structure is formed by degassing of the exchanged structures (for example, ZnGGH-3⋅(DMF) and ZnGGH-4⋅(H 2 O)). Liquid guest adsorption experiments. We transferred 50 mg ZnGGH-1⋅(DMF-H 2 O), ZnGGH-2⋅(DMSO), ZnGGH-3⋅(DMF) or ZnGGH-4⋅(formamide) in a 40-ml vial. Each vial was loaded with 0.1 mmol of a guest (dioxane, cyclopentanol, furfural or furfural alcohol) or with an equimolar mixture (0.1 mmol each) of a guest and the solvent that produces the ZnGGH structure under study (in the case of ZnGGH-1⋅(DMF-H 2 O), only DMF was used as the solvent as it is the major component inside the pores of this material). For example, two adsorption experiments of dioxane on ZnGGH-2⋅(DMSO) were performed: the first used neat dioxane, and the second used dioxane/DMSO in a 1/1 molar ratio. Each suspension was left under stirring for 24 h at room temperature. A part of the resulting slurry (about 100 μl) was transferred into a 1.0-mm capillary for PXRD analysis and the rest of the sample was filtered, washed with 8 ml THF and dried on a Buchner funnel by vacuum suction for 30 s. This protocol was developed to remove surface liquid and minimize volatilization of the pore species; washing with larger quantities of THF leads to removal of solvents and guests from the pores of ZnGGH. The species present in the pores were identified by Triggered adsorption experiments. Two vials were loaded with 50 mg ZnGGH-2⋅(DMSO) and 0.1 mmol of one of the following liquid guests: dioxane (8.9 ml), cyclopentanol (9.06 ml) or l-menthyl acetate (24 ml). The suspensions were left under stirring at room temperature. After 24 h, 0.1 mmol of DMF (7.7 ml) was added to one of the vials and the suspensions were stirred for a further three days. Following this procedure, part of the suspension slurry (about 100 μl) was transferred into a 1.0-mm capillary for PXRD analysis, and the rest of the sample was filtered, washed with 8 ml THF, and dried on a Buchner funnel by vacuum suction for 30 s. The species present in the pores were identified by 1 H-NMR of the digested sample in a DCl/d 6 -DMSO 1/20 (v/v) solution. The guests were chosen on the basis of the results of individual adsorption experiments (see previous section), in which dioxane and cyclopentanol were adsorbed by ZnGGH-1, ZnGGH-3 and ZnGGH-4. We chose l-menthyl acetate as a liquid guest that is large enough (with a minimum bounding box of 5.2 Å × 10.2 Å × 10.6 Å) that it cannot diffuse through the pores of any of the ZnGGH-X structures (Supplementary Note 5). Adsorption experiments on single crystals. Single crystals (about 10 mg) of ZnGGH-2⋅(DMSO) were transferred into a vial loaded with 0.1 mmol (8.9 ml) of dioxane. The vial was shaken gently (150 r.p.m., on a Heidolph Vibramax 100 shaker) for five days, then crystals were collected from the vial to be analysed by SCXRD. Next, 0.1 mmol (7.7 ml) of DMF was added to the vial and the vial was shaken gently for eight days; then crystals were collected and analysed by SCXRD. Triggered adsorption of dioxane: time-course study. Four vials were loaded with 50 mg ZnGGH-2⋅(DMSO) and 0.1 mmol dioxane (8.9 ml). After 24 h, 0.1 mmol of DMF (7.7 ml) was added to each vial. These experiments lasted for 1 h, 6 h, 1 day or 2 days. At the end of each experiment, a part of the suspension slurry was transferred into a 1.0-mm capillary for PXRD analysis, and the rest of the sample was filtered, washed with 8 ml THF and dried on a Buchner funnel by vacuum suction for 30 s. The species present in the pores were identified by 1 H-NMR of the digested sample in a DCl/d 6 -DMSO 1/20 (v/v) solution. Triggered adsorption of dioxane with less DMF. For this experiment, the DMF/ dioxane molar ratio was 1/2. A vial was loaded with 50 mg ZnGGH-2⋅(DMSO) and 0.1 mmol dioxane (8.9 ml). After 24 h, 0.05 mmol DMF (3.85 ml) was added to the vial. Parts of the suspension slurry (about 100 μl) were transferred into a 1.0-mm capillary for PXRD analysis after 4, 10 or 15 days. The rest of the sample was filtered, washed with 8 ml THF and dried on a Buchner funnel by vacuum suction for 30 s after 15 days. The composition of the materials was identified by 1 H-NMR of the digested sample in a DCl/d 6 -DMSO 1/20 (v/v) solution. Powder X-ray diffraction. PXRD patterns were collected in transmission geometry at room temperature using a D8 Advance Bruker diffractometer with Cu Kα 1 radiation (λ = 1.5406 Å). Samples in the form of powder or as a slurry in the solvents from which they were prepared were transferred to a borosilicate capillary with an internal diameter of 1.0 mm. Typically, profiles were collected as step scans over a 2-h period in the range 5° < 2θ < 30°, with a step size of 0.025°. Synchrotron XRD powder patterns were collected on the I11 beam line at the Diamond Light Source, in 0.7-mm-diameter borosilicate capillaries at 298 K. Data were collected using a position sensitive detector (PSD; Mythen-2) in order to minimize the data collection time and thus to minimize exposure to the X-ray beam and any resulting beam damage. A pair of scans was collected and summed to account for gaps in the detector modules. In situ PXRD study of triggered adsorption of dioxane. A vial was loaded with 50 mg of ZnGGH-2⋅(DMSO) and 0.1 mmol dioxane (8.9 ml). After 24 h, 0.1 mmol DMF (7.7 ml) was added to the vial. The suspension was left under stirring for 1 min and a part of it was transferred into a 1.0-mm capillary for PXRD analysis. We collected 80 profiles as step scans over 20 h in the range 7.5° < 2θ < 15.5° with a step size of 0.025°. Nuclear magnetic resonance. Solution phase Thermogravimetric analysis. Thermogravimetric analysis was carried out with a TA 500 instrument in a temperature range of 25 °C to 700 °C, with a scan rate of 10 °C per minute and an air flow of 50 ml per minute. Evolved gas analysis was performed with a Hiden HAL IV RC RGA 201 mass spectrometer. Single-crystal X-ray diffraction. SCXRD data for all structures were collected on a Rigaku MicroMax-007 HF X-ray generator with a Mo-Kα rotating-anode microfocus source and a Saturn 724+ detector. Data integration and reduction were performed using CrysAlisPro. The structure was solved and refined using SHELX-20XX implemented using Olex2. SCXRD experiments were also performed at the Diamond Light Source (beamline I19) using a Pilatus 2M detector and a three-circle diffractometer, with a zirconium L-edge wavelength (λ = 0.6889 Å). We collected the datasets in order to investigate disorder in the pores of certain ZnGGH structures. Computational studies. The dPCA analysis of linker conformations was performed in R using the package 'psych' (https://CRAN.R-project.org/package= psych). All DFT calculations-including energy minimization and nudged elastic band (NEB) simulations 31 -were performed for a fully flexible, three dimensionally periodic model of the ZnGGH unit cell, using the projector augmented wave (PAW) 32 method in the framework of the generalized gradient approximation (GGA) 33 as implemented in the Vienna ab initio simulations package (VASP) 34 version 5.3.5. We used the Perdew-Becke-Ernzerhof (PBE) functional for simulations of an empty host. To take into account host-guest van der Waals interactions for the case in which pores were occupied, we used the van der Waals density functional method with the non-local exchange-correlation functional revPBE 35 . We used an energy cut-off of 600 eV, Gaussian smearing of partial orbital occupancies with a smearing width of 0.1 eV, the 'accurate' precision setting with convergence criteria of 2 × 10 −5 eV for the electronic energy convergence, and 10 −3 eV per Å for the residual force for ionic convergence. The NEB calculations were set up using the recommended default VASP flags and settings. For each NEB trajectory, we used a total of eight system images, including the two end images that were previously identified as local minima in steepest decent energy-minimization calculations. The end points of each NEB trajectory in 
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